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Detailed Descriptions: 

1 . Title of Invention : 

Production Method of Packaging for Semiconductor Equipment 

2. Scope of Patent Claims: 

The production method of packaging for semiconductor equipment, which is characterized as 
being equipped with semiconductor equipment on the substrate that is composed of such a 
material that is possible for a selective etching, tying up the connecting wire vsdth the above- 
mentioned semiconductor equipment as well as putting together the external electrode parts of 
the connecting wire with the extreme end of the extemal electrode parts of the above-mentioned 
substrate, and resin molding all together the above-mentioned connecting wires on the above- 
mentioned substrate, as well as removing etching from the above-mentioned substrate in the last 
stage. 

3. Detailed Descriptions of Invention: 

Areas of Industrial Applications: 
This invention is in regard to the production method of packaging for semiconductor 
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equipment. 

The background technologies and their problems: 

Conventionally, the so-called chip-carrier type packaging has been used widely as one of the 
methods for producing packaging on the printed substrate with high accuracy. This method is of a 
lead-less type packaging method, through which an electrode, which is being extended to the rear 
surface of the packaging, is connected directly to the conductor pattern on the printed substrate 
by soldering. 

There are two (2) types of methods in this chip-carrier type packaging, namely, a ceramic type 
method and plastic type method. However, not only that the packaging made by the ceramic type 
method is expensive, but also it has such a disadvantage that a cracking and/or peeling might 
occur at the connections between the ceramics and above-mentioned soldering parts and/or the 
conductors, due to the 
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differences of their coefficient of thermal expansion during the temperature cycle, when soldered 
directly to the printed substrate. On the other hand, however, although the packaging by the 
plastic type method is less expensive, it also has such disadvantages that a heat dissipation 
capacity is being poor, as well as the shape itself is not suitable for the automation of the 
packaging. 

In Fig. 1, the construction of this conventional plastic type chip-carrier packaging is shown. 
This packaging (1) is produced in such a way that by dropping a Uquid epoxy resin from the 
above, onto the parts, after having connected both ends of the chip (4) and electrode (2) through a 
wire bonding method with small size wires (5) of Au, after setting the chip (4), which is 
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consisting of the semiconductor equipment, onto the printed substrate (3), on which the electrode 
(2) of copper film is being formed in advance. 

At this packaging (1), the resin layer (6) and printed substrate (3) surround the chip (4). Since 
the heat resistance of these resin layer (6) and printed substrate (3) is relatively higher, the heat 
that is generated by the chip (4) while it is working cannot be removed effectively towards 
outside of the packaging (1). That is to say that, the heat dissipation characteristic of the 
packaging (1) is poor, and it is one of the disadvantages of this particular component. Moreover, 
when the liquid resin epoxy is dropped onto the parts fi'om above, as mentioned previously, it is 
pretty difficult to control the small specific amoimt of liquid dropping at a higher speed with a 
constant manner, thus making it very difficult to handle the packaging (1) with an automated 
mode. 

On the other hand, there is a packaging that is called as a tape-carrier type packaging, which is 
different from the chip-carrier type packaging. Compared with the conventional type of chip- 
carrier type packaging, this type of packaging has such an advantage that the unit can be made 
much smaller. However, it also has some other disadvantages as such that, the heat dissipation 
characteristic is poor, as the chip is totally covered by the resin layer, as well as it requires a 
special equipment as being employed with a tape. 
The Objective of the Invention: 

The objective of this invention is that, to provide a production method of packaging for 
semiconductor equipment, which has a high heat dissipation capacity as well as with more 
reliable capabilities, so that the above-mentioned conventional problems can possibly be solved. 
The Outline of the Invention: 

The production method of packaging for semiconductor equipment, which is related to this 
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invention is characterized as being equipped with semiconductor equipment on the substrate that 
is composed of such a material that is possible for a selective etching, tying up the connecting 
wire with the above-mentioned semiconductor equipment, as well as putting together the extemal 
electrode parts of the connecting wires with the extreme end of the extemal electrode parts of the 
above-mentioned substrate, and resin molding all together with the above-mentioned connecting 
wires on the above-mentioned substrate, as well as removing etching from the above-mentioned 
substrate in the last stage. By doing it this way, it is possible that to produce the lead-less type 
packaging for semiconductor equipment, which has a high heat dissipation capacity as well as 
with more reliable capabilities, through an automated, simple, and less expensive way. The 
extemal electrode parts, which are mentioned above may be represented by the above-mentioned 
connecting wires, and/or may be separated from the above-mentioned connecting wires, and be 
connected to the above-mentioned connecting wires. 
Implemented Examples: 

In the following, the production method of packaging for semiconductor equipment, which is 
related to this invention is described by using some sketched diagrams based on the implemented 
examples. 

Fig. 2A- 2D are showing the process diagrams to explain the production method of packaging 
for semiconductor equipment, which is related to this invention by using No. 1 Implemented 
Example. In the following, the process is explained starting from Fig. 2A and in order. 

First of all, in Fig. 2A, the Au layer (12) of thickness 1 [^], Ni layer (13) of thickness 1 [^], and 
Au layer (14) of thickness 3 [|a] are plated on top of the substrate (1 1) of Fe in order, and installed 
the chip connection part (16) and extemal electrode parts (17) (18), which are consisting of the 
chip (15) for the semiconductor equipment, onto the specific locations of the chip connection 
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part (llg) and external electrode connection parts (llh) (Hi) on the above-mentioned substrate 
(11), respectively. 
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In Fig. 3, the plan view of the above-mentioned substrate (11), on which the process that is 
shown in Fig. 2A has been completed, is shown. Next, in Fig. 2B, after having installed the chip 
(15) onto the above-mentioned chip connection part (16), connect the chip (15) and above- 
mentioned external electrode parts (17) (18) with the wire (19), which are composed of Au small 
wires, respectively, by means of the wire bonding method. Next, in Fig. 2C, in order to integrate 
the above-mentioned external electrode parts (17) (18), which are being installed on the substrate 
(11) that is shown in Fig. 2B, chip connection part (16), chip (15), and wire (19), establish the 
resin molding layer (20), which is composed of an epoxy, onto the above-mentioned substrate 
(11) by means of the well-known transfer-molding method. In this implemented example, the 
thickness "t" of the above-mentioned resin molding layer (20) has been set to 1 [mm]. 

Next, in Fig. 2C, only the Fe is etched selectively, however, the resin molding layer (20) and 
Au layer (12) are not etched practically by spray-etching from the back side (11a) of substrate 
(11) with such a solution like a ferric chloride (FeCb) for example, by which the etching can be 
avoided, so that the above-mentioned substrate (11) is removed, and that the lead-less type 
packaging (21) that is shown in Fig. 2D can be completed. Among the bottom surfaces of the Au 
layer (12), which were exposed by the previous etching, the extemal electrode parts (17) (18) at 
the bottom surface of the Au layer (12) tum out to be the extemal electrode surfaces (12b) (12c), 
and the bottom surface of the Au layer (12) at the chip coimection part (16) tums out to be the 
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heat dissipation surface (12a). 

When instaUing the packaging (21), which was completed throughout he above-mentioned 
process, onto the printed substrate, the above-mentioned extemal electrode surfaces (12b) (12c) 
that are shown in Fig. 2D can be connected directly to the conductor pattems on the printed 
substrate by soldering. 

The above-mentioned heat dissipation surface (12a) in No. 1 Implemented Example turns out 
to be a heat dissipation surface for the heat that is generated by the chip (15) while it is working. 
Since the heat conductivity of a metal is extremely high, the heat that is generated by the chip 
(15) flows very quickly towards outside alongside the chip connection part (16), which is made 
of a metal, and removed effectively through the heat dissipation surface (12a). However, in order 
to remove the heat that is generated by the chip (15) more effectively, it is desirable that a part of 
the heat dissipation fins, which all together possess a broad surface area, is pushed to the above- 
mentioned heat dissipation surface (12a), so that the heat is removed through air cooling. 

Since the packaging (21), which is explained in No. 1 Implemented Example, can be produced 
by such a simple process that is shown in Fig. 2A - 2D, the equipment which is being used for 
the conventional method can be utilized throughout the entire process. No only that, those special 
equipment which was mentioned previously and required for producing the chip-carrier type 
packaging is needed at here. Therefore, it is possible that to produce the lead-less type packaging 
(21) for semiconductor equipment, which has a high heat dissipation capacity as well as with 
more reliable capabilities, through an automated, simple, and less expensive ways. Moreover, in 
the above-mentioned No. Implemented Example, the transfer-molding method is employed as the 
method of forming the resin molding layer (20). This transfer-molding method will provide such 
an advantage that not only producing a reliable resin molding material, but also makes it possible 
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to produce the packaging in an automated manner, based on its easy molding automation and 
mass-production features. 

In the above-mentioned No. 1 Implemented Example, just like the case that is shown in Fig. 
2 A, by slightly etching the upper surface of the substrate (11) with the previously mentioned 
FeCls solution after having installed the chip connection part (16) and external electrode parts 
(17) (18), the undercut parts (11a) (llf) can be formed on the substrate (11), which is under the 
chip connection part (16) and extemal electrode parts (17) (18), as shown in Fig. 4 A, and the 
packaging (21) that is shovm in Fig. 4B can be completed in the same method as shovra in Fig. 
2B - 2D. In this way, since the above-mentioned undercut parts (11a) ~ (llf) can be formed at 
the bottom of the chip connection part (16) and extemal electrode parts (17) (18) by means of the 
etching, which was described previously, the protruded parts (20a) - (2 Of) can be formed with the 
resins filling up the parts. Therefore, the above-mentioned chip connection part (16) and extemal 
electrode parts (17) (18) are supported by these protruded parts (20a) - (20f) from the bottom 
subsequently, and that the chip connection part (16) and extemal electrode parts (17) (18) can be 
prevented from falling off from the resin-molding layer (20) while the packaging (21) is used. 
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Moreover, as the chip connection part (16) and extemal electrode parts (17) (18) are formed in 
such a way that not being protmded from the bottom sxirface of the resin molding layer (20), both 
of these chip connection part (16) and extemal electrode parts (17) (18) can be protected further.. 
Fig. 5A ^ 5C are showing the process diagrams to explain the production method of packaging 
for semiconductor equipment, which is related to this invention by using No. 2 Implemented 
Example. In the following, the process is explained starting from Fig. 5A and in order. 
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First of all, in Fig. 5A, after having sprayed the well-known photo-resist on to the top surface 
of the substrate (11), which is 35 thick and made of Cu, execute the specific patterning. Next, 
by using such a solution like a ferric chloride (FeCla) that is previously mentioned for example, 
and by which only the Cu can be selectively etched, the surface of the above-mentioned substrate 
(11) is slightly etched, so that the chip connecting part (llg) and external electrode coimecting 
parts (llh) (Hi) can be formed individually on the surface of the above-mentioned substrate (11). 
And, after having removed the above-mentioned photo-resist, connect the chip (15) to the above- 
mentioned chip connecting part (llg) through the soldering layer (23), just as it was done in Fig. 
5B for No.l Implemented Example, and connect the chip (15) and above-mentioned external 
electrode parts (llh) (Hi) with the wire (19), which are composed of Au small wires, 
respectively, by means of the wire bonding method. In this implemented example, however, a 
larger diameter of wire than the one that was used for No. 1 Implemented Example was used, due 
to the reasons that would be explained later in this report. Next, establish the resin molding layer 
(20) on the above-mentioned substrate (11), just as the same way that was done for No. 1 
Implemented Example. And, next complete the packaging (24) by removing the etching on the 
above-mentioned substrate (11), just as the same way that was done for No. 1 Implemented 
Example. The end part of wire (19), which was exposed by the previous etching turns out to be 
the external electrode parts (17) (18), and the bottom surface of the soldering layer (24) turns out 
to be the heat dissipation surface (23a). 

When installing the packaging (24), which was completed throughout he above-mentioned 
process, onto the printed substrate, the above-mentioned extemal electrode parts (17) (18) that 
are shown in Fig. 5D can be coimected directly to the conductor patterns on the printed substrate 
by soldering, the same way that was used for No. 1 Implemented Example. As it is clear now by 
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the above reasons, since the ends of the wire (19) are used as the external electrode parts (17) 
(18) in this implemented example, it is desirable to use the larger diameter of wire (19) as it was 
mentioned previously. The function of the heat dissipation surface (23a) is the same as it was for 
No. 1 hnplemented Example. 

The packaging (24) for the above-mentioned No. 2 Implemented Example is a little different 
from the packaging (21) for No. 1 Implemented Example, and the external electrode connection 
parts (llh) (Hi), which were installed during the photo-resist and etching processes, are being 
connected directly to the wire (19), thus requiring no formations of the Au layer (12)(14) and Ni 
layer (13) that had been established for the packaging of No. 1 Implemented Example. The 
photo-resist and etching processes for the above case is much simpler compared with the plating 
process that was used for the packaging (21) for No. 1 Implemented Example. Also, by 
implementing this photo-resist and etching processes, the usage of such a precious metal like Au 
is going to be eliminated. 

In the above-mentioned No. 1 and No. 2 Implemented Examples, it was mentioned with regard 
to a single chip to be installed at the single chip connection part and resin molding. However, 
based on this prototype idea, it is also possible to produce multiple numbers of packaging, all of 
which will have a single chip individually, at the same time, by installing multiple numbers of 
chip connection parts on a substrate, attaching multiple numbers of chips individually, resin 
molding in an integrated manner, and finally cut into the pieces. Furthermore, after having 
installed various kinds of chips and passive devices such as, condenser and resisters onto the 
substrate, and resin molding integrally, it is possible to produce the packaging that will have a 
various kind of functions, as well as the ones with highly integrated circuit element. 

As the materials for the substrate for the above-mentioned No. 1 Implemented Example, it may 
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be another type of metal, such as Cu and the like, as long as the selective etching is possible, and 
by the same token, the materials for the substrate for the above-mentioned No. 2 Implemented 
Example, it may be some other type of metal, such as Fe and the like. Moreover, in the case of 
No. 1 Implemented Example, some other type of materials such as, polymidamide type resin can 
be used as well. In this case, 
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however, a mixture of hydrazine and ethylenediamine can be used as the etching liquid that was 
mentioned previously. 
Effect of the Invention: 

By the production method of packaging for semiconductor equipment, which is related to this 
invention, it is possible to produce the small size of packaging, which has a high heat dissipation 
capacity for the heat that is generated by the semiconductor equipment at the time of operation, 
as well as with more reliable capabilities, through an automated, relatively simple, and less 
expensive way. 

4. Brief Descriptions for Sketched Diagrams 

Fig. 1 shows the sectional view of chip-carrier type packaging construction of the conventional 
plastic type, and Fig. 2A - 2D are showing the process diagrams to explain the production 
method of packaging for semiconductor equipment, which is related to this invention by using 
No. 1 Implemented Example. Fig. 3 shows the plan view of substrate on which the process that is 
shown in Fig. 2A has been completed, and Fig. 4A and 4E are showing the similar views as the 
previous Fig. 2A - 2D, which are showing the deformed example of above-mentioned No. 1 
Implemented Example. Fig. 5 A 5C are showing the process diagrams to explain the production 
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method of packaging for semiconductor equipment, which is related to this invention by using 
No. 2 Implemented Example. 
And, in these diagrams, the following Item Numbers are representing; 



(1) , (21), (22), and (24) Packaging 

(2) , and (15) Chip 

(3) , and (19) Wire 

(11) Substrate 

(llh), and (Hi) External Electrode Connection Parts 

(1 7), and ( 1 8) External Electrode Part 

(20) Resin Molding Layer 



Representatives for the applicant: Maseru Tsuchiya 

Yoshio Tsunetsutsumi 
Toshiki Sugiura 

Fig. 1 
Fig. 2A 
Fig. 2B 
Fig. 2C 
Fig. 2D 
Fig. 3 
Fig. 4A 
Fig. 4B 
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Fig. 5A 
Fig. 5B 
Fig. 5C 
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AFFIDAVIT 



I, Hiroto Sasaki, translator for ALL LANGUAGES LTD, of Toronto, in the Province of Ontario, 
make oath and say: 

1 . I understand both the Japanese and the EngUsh languages; 

2 . I have carefully compared the annexed translation from Japanese into EngUsh with the 
attached dociraient of the Patent Office Japanese Government, publication date 
November 27, 1984; 

3. The said translation, done by me, is, to the best of my knowledge and ability, a true and 
correct translation of the said docimient in every respect. 



SWORN before me at the City of 
Toronto, this 12* day 
of July, A.D. 2000. 

A Notary Public in and for the 
Province of Ontario. 
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